pulse is inaccessible either due to complicated towelling, as occurs in some neurosurgical procedures, or in operations on the severely burnt patient, where the limbs are either involved or are required as donor sites for skin grafts. Irregularities in the pulse-rate from any cause can readily be seen. The time required to estimate the blood pressure is very brief. This allows the infusion rate to be accurately controlled when hypotensive techniques or vasopressor drugs are used. The measurement of the blood pressure is a one-handed procedure, a point of practical importance when respiration is manually controlled. The apparatus uses a lowvoltage battery and can therefore be used with complete safety in the presence of explosive anesthetic agents.
The machine has its limitations for, as the blood pressure falls, peripheral vasoconstriction limits the blood flow through the pulp bed, and the machine fails to detect pulsations below a systolic pressure of about 50 mm Hg.
Monitoring of the pulse and the blood pressure is of supreme importance in the early detection of failure of the cardiovascular system. This is carried out as a routine measure for major cardiac procedures, in which the surgeon has the additional advantage of having the heart under direct vision. How much more important therefore is this monitoring in operations outside the chest, involving procedures which should carry little or no mortality?
Acknowledgments.-I am indebted to Mechanical and Industrial Equipment Ltd., for permission to reproduce the photograph of their Videograph, and to the Editor of Anesthesia for permission to Modern surgery of the gall-bladder dates from 1924 when Evarts Graham and Warren Cole developed excretion cholecystography. Only those brought up in surgery before then can appreciate fully the revolution which the introduction of this test initiated. Before cholecystography, surgeons had to rely chiefly on symptoms for the diagnosis of gall-bladder disease, and negative laparotomies were common. In addition, surgeons used to regard such minor and doubtful findings as slight thickening of the gallbladder wall or an excess of fat around its neck as indicating sufficient gall-bladder pathology to justify cholecystectomy, and felt more than justified if on opening the gall-bladder after removal they found a few flecks of cholesterol in the mucosal folds. But it was not only surgeons who had diagnostic difficulties. Physicians were in the habit of making the diagnosis of chronic catarrhal cholecystitis to explain such symptoms as vague upper abdominal discomfort and a general feeling of ill-health. To-day with the perfection of cholecystography, fat round the neck of the gallbladder as a sign of cholecystitis and chronic catarrhal cholecystitis have been relegated to the limbo of medical mythology.
But although operations on the gall-bladder, properly performed, are now as completely satisfactory as any in surgery, there has been a growing realization that all is not so well with the surgery of the common duct. Stones in the duct are missed even by experienced surgeons, negative explorations are common, and there is still wide disagreement on the frequency and even the existence of various functional syndromes. The history of biliary surgery since the last war may be summarized as the attempt to bring the same degree of precision into the surgery of the biliary passages as already exists in that of the gallbladder. Cholangiography occupies such a key position in this attempt that I consider it to be the core of the problem of present-day biliary surgery.
Technique.-Once organic chemists had produced sufficiently bland radiopaque media, cholangiography followed naturally from the practice of surgeons of introducing tubes into the common bile duct after exploration. At first, the custom was to perform the cholangiography some days post-operatively shortly before removal of the tube. But soon surgeons realized that it was better to know during, rather than after, operation if they had left stones in the bile ducts. Hence the practice of operative cholangiography gradually developed. It is on the value of operative cholangiography that there has been most difference of opinion among surgeons, and it is on this that Mr. Le Quesne and Professor Lowdon will concentrate their attention. The main indication for surgery of the biliary passages, as of the gall-bladder, is gall-stones, and Mr. Le Quesne will deal with the value of operative cholangiography in the diagnosis of gall-stones. Professor Lowdon will broaden the discussion by dealing also with cholangiography in the diagnosis of other conditions such as tumours and pancreatitis, and will also touch on the difficult question of the dyskinesias or functional disorders of the biliary passages. Operative cholangiography is a combined surgico-radiological and not a purely surgical technique. The close association that we have enjoyed at the Middlesex Hospital with our radiological colleagues, and their routine attendance in the operating theatre for the test, has played an essential part both in developing technique and in interpretation. Dr. Whiteside will speak also on excretion cholangiography. This is at present crude and imperfect, but on a long view it seems destined largely to replace other cholangiographic techniques; and we shall probably have to wait for its perfection before achieving agreement on the postulated dyskinesias. In the meantime, he will tell us what help it may give us, particularly in association with operative cholangiography.
Finally, I will say a few words on the anatomy of the lower end of the common bile duct, for which Mr. Bernard Hand has kindly allowed me to use his not yet published intensive studies. Fig. 1 (After Hand, 1958.) arrangement found. The common bile duct diminishes only slightly in diameter in its supraduodenal course, but a couple of millimetres above the duodenum, and when it is already in the pancreas, the lumen suddenly becomes appreciably narrower. From this point downwards the narrow lumen of the duct continues, slightly diminishing in diameter, to just above the point where the duct joins with the pancreatic duct. This point is thus the narrowest part of the common duct and hence is the point at which calculi most commonly become impacted. The diameter of the common channel formed by the joining of the biliary and pancreatic ducts is in most cases only the sum of the diameters of the two ducts and only in this sense is there an ampulla. Associated with the narrow portion of the duct in its whole length from immediately above the duodenum to its termination, and causing the narrowing, is a thickening of the duct wall resulting partly from a complete ring of circular muscle, partly from connective tissue and glands, and partly from proliferated mucous membrane thrown into folds. The intrinsic muscle of the duct is distinct from that of the duodenum, which surrounds the thickened bile duct in its intramural course, and can obviously also act on the duct. These anatomical points may be helpful in the interpretation of the cholangiograms to be shown by subsequent speakers.
REFERENCES GRAHAM, E. A., and COLE, W. H. (1924) Mr. L. P. Le Quesne (London): Operative cholangiography is performed by the injection of radiopaque material into the biliary tree, and may be performed either before (pre-exploratory) or after (post-exploratory) exploration of the common bile duct. The resulting films may give important information concerning the anatomy of the ductal system and the presence of strictures or turnours, but their main value lies in the detection of stones in the biliary passages.
Within the last fifteen years it has become apparent that the clinical and operative criteria for exploration of the common bile duct are inaccurate, resulting on the one hand in the overlooking of stones in the common duct, and on the other in the exploration of many ducts which do not contain calculi. These two results are closely interrelated, since those surgeons with the widest indications for exploring the common duct will have the lowest rate of residual stones but the highest rate of unnecessary explorations. At the Lahey Clinic during the years 1949-52, 1,077 patients underwent operations on the biliary tract (excluding those with stricture of the common bile duct): the common bile duct was explored in 389, but in 65% (251 patients) no stones were found (Colcock and Liddle, 1958) . Similar figures could be quoted from many other clinics. This high incidence of fruitless exploration of the duct is not without its cost, for there is evidence from both British (Havard, 1960) and American (Bartlett and Waddell, 1958) sources that the mortality rate following cholecystectomy and exploration of the common duct is higher than that of simple cholecystectomy, whilst the average stay in hospital after operation is longer (Hight et al., 1959) . The recorded incidence of residual stone in the common duct varies widely, ranging from 2% (Colcock and Liddle, 1958) to 20% (Hicken et al., 1954) . The reasons for this wide variation are beyond the scope of this paper, but from a survey of the literature the average incidence of residual stone is probably in the region of 5%.
The two types of operative cholangiography have a different contribution to make to the problem of the diagnosis of stone in the bile duct. The object of pre-exploratory The characteristic features are described in the text. cholangiography is to determine whether or not the common bile duct contains calculi and so requires exploration; the object of post-exploratory cholangiography is to confirm that no stones have been overlooked.
Technique and Interpretation of Pre-exploratory Cholangiogram
The patient is laid on the operating table on a shallow box into which the cassettes can be placed. A fine catheter (a ureteric catheter is suitable) is inserted via the cystic duct into the common bile duct, and three films taken after the slow injection of 3, 6-8, 10-12 ml of 35% Diodrast, the anresthetist arresting all respiratory movement during each exposure. Certain points of technique are important: (1) To avoid obscuring the films, all instruments should be removed from the operation field and skin towels should be secured by some method other than clips. (2) Before exposing the films the table should be tilted 20 degrees to the right, to throw the image of the common duct clear of that of the spine. (3) Care must be taken to exclude bubbles from the duct system. To this end, before insertion the catheter is filled with saline from a syringe, and after insertion suction is applied before a little saline is injected to test the system. (4) It is essential to expose at least one film after the injection of only a small quantity of dye, to enable the fine terminal portion of the duct to be seen clearly. If films are only exposed after injecting 1O ml or more of Diodrast, the density of dye in the duct and overlying duodenum may well obscure not only this portion of the duct but also small filling defects. With a duct of normal calibre the first film should be exposed after injecting only 3 ml, but if the duct is dilated the amount may be increased to 5 ml, similar increments being made for the second and third exposures.
In examining the films to see whether or not they show evidence of calculi in the duct system attention must be paid to several points other than the presence or absence of filling defects.
A normal pre-exploratory cholangiogram (Fig. 1) shows the following features: (1) The duct is of normal calibre, a diameter as measured on the X-ray film of 12 mm being taken as representing the upper limit of normal. . (2) There is a free flow of dye into the duodenum in all films. (3) The terminal narrow segment of the duct with the characteristic notch at its junction with the wider proximal portion is clearly seen in at least one film. (4) There are no filling defects. (5) There is no excess retrograde filling of the hepatic ducts. Reflux up the pancreatic duct may or may not be seen and does not appear to be related to the presence or absence of stones in the bile duct.
If the films show a deviation from normality in any of the criteria mentioned above the duct must be considered as abnormal and requiring exploration, with one qualification, namely that on some occasions free flow is not seen on the first film. But if the films are in all other respects normal, this can be considered as within the range of normal. In our experience, if these criteria are rigidly applied it can be confidently concluded that the duct contains no stone. This proof of a normal duct not requiring exploration is the greatest dividend from pre-exploratory cholangiography.
The most obvious evidence of the presence of a stone in the duct is a filling defect, which is often associated with dilatation of the duct and no flow of dye into the duodenum (Fig. 2) . In other FIG. 2.-Pre-exploratory cholangiogram showing a large filling defect due to a calculus with dilatation of the duct, no flow of dye into the duodenum, and excess retrograde filling. cases the flow into the duodenum is free, and in some the duct is also of normal calibre. In yet other cases no defects are seen, and the presence of stones is indicated by an interference with flow, usually associated with a failure to visualize the terminal segment of the duct. These two deviations from normal, particularly if associated with dilatation of the duct and excess retrograde filling, are evidence of obstruction to the duct, usually by a calculus, and indicate that exploration of the duct should be performed.
A number of factors can give rise to appearances which may lead to a false interpretation of the cholangiograms. In our experience, if the criteria of normality are rigidly applied, the incidence of false negatives, that is of ducts incorrectly interpreted as being free of stones, is nil. There are, however, two findings which may give rise to a false positive interpretation: air bubbles in the duct, and spasm of the sphincteric muscle surrounding the narrow terminal segment of the duct. Bubbles give rise to filling defects closely resembling calculi, but their true nature is usually indicated because they are spherical and the cholangiogram is in other respects normal. If defects are suspected as being due to bubbles it is our practice to flush the duct freely down the catheter with saline and then repeat the examination, bubbles being removed by this technique while calculi remain. Spasm of the sphincteric muscle impairs the free flow of dye into the duodenum with the result that in some cases the cholangiogram shows a duct of normal calibre, but with no flow into the duodenum and no visualization of the terminal segment, the duct shadow ending in a convex curve. This spasm may be due to irritation of the sphincter by a small stone, but is more usually due to other causes such as the pre-aniesthetic drugs. The true state of affairs can be discovered by repeating the examination after giving the patient amyl nitrite by inhalation, and if no stone is present this will result in relaxation of the spasm with normal cholangiographic appearances.
Value ofPre-exploratory Cholangiography
At the Middlesex Hospital our experience with operative cholangiography can be divided into two periods. From 1953 From -1957 we were largely concerned with developing the technique and establishing the appearances of a normal duct and the significance of deviations from this normal picture. At the same time Mr. Bernard Hand carried out a study of the anatomy of the lower end of the common duct, correlating his findings with an analysis of the 183 pre-exploratory cholangiograms. As a result of this investigation we were satisfied that pre-exploratory cholangiography, performed with a careful technique and interpreted with scrupulous regard to the criteria of normality, gives reliable evidence on the presence or absence of stones in the duct. Since then we have used this examination as our main guide in deciding whether or not to explore the duct.
From May 1957 to March 1960 we have performed operations on the biliary tract on 121 further patients. In 109 of these a pre-exploratory cholangiogram is available for analysis and the relevant data are set out in Tables I and II. In 74 cases the cholangiogram was considered normal and the common duct was not explored: follow-up of these patients has so far produced no evidence that any of them harbours a residual stone in the duct. Of the 21 cases where stones were removed from the duct, in 17 the cholangiogram showed a filling defect, usually associated with other radiological abnormalities, whilst in 4 the presence of a stone was only revealed by interference with normal flow or dilatation of the duct. In 13 cases a common duct not containing stones was explored. In 9 of these the decision was dictated by considerations not concerned with the possible presence of a stone in the duct, whilst in the remaining 4 the exploration was undertaken because the cholangiogram suggested the presence of a stone (i.e. false positives). On the other hand, in 4 cases the cholangiogram revealed the presence of otherwise unsuspected duct stones, and in 18 other cases we would have felt obliged from the clinical and operative evidence to explore the duct had we been without the evidence of the cholangiogram. This analysis ilJustrates the value of preexploratory cholangiography. In a small number of patients it reveals unsuspected stones in the duct, but its greatest value lies in demonstrating a normal duct in patients who would otherwise require exploration of the duct. It is not an unduly long procedure and in many patients shortens their subsequent stay in hospital. For these reasons we believe the examination to be a valuable addition to the surgical management of gall-stones.
Post-exploratory Cholangiography
Post-exploratory cholangiography is performed by injecting Diodrast down the T-tube inserted in the common duct. In general the technique is similar to that of the pre-exploratory examination but two problems make interpretation of the films difficult. Firstly, in many cases, especially if the lower end of the duct has been instrumentally dilated or a sphincterotomy performed, a free flow of dye into the duodenum cannot be demonstrated. In our experience, even in the absence of residual stones, amyl nitrite cannot be relied upon to restore the flow, suggesting that the obstruction is in part at least due to cedema of the lower end of the duct. Accordingly, in this examination a persistent failure to demonstrate the terminal segment and free flow does not indicate that further exploration is required, and the diagnosis of a residual stone must depend mainly on the presence of a filling defect. Herein lies a further difficulty, as even with free irrigation of the duct with saline it is difficult to exclude bubbles. These two difficulties impair the value of the post-exploratory examination.
In the entire series of 121 cases, the common bile duct was explored in 45. In 34 of these a post-exploratory cholangiogram was performed. A residual calculus was revealed in two patients. On 9 occasions the cholangiogram showed no flow into the duodenum and in 3, bubbles gave rise to confusing filling defects. In none of these 12 patients did subsequent post-operative cholangiography show any evidence of residual calculus. Thus, in one-third of the cases either spasm or bubbles gave rise to difficulty in interpretation. While therefore post-exploratory cholangiography may give rise to information of great value, it is not as accurate an investigation as the pre-exploratory cholangiography.
Dr. C. G. Whiteside (London):
In an X-ray Department patients with potential lesions of the bile duct fall into two groups:
(1) Those with no history of previous biliary surgery.
(2) Those who following cholecystectomy (a) have had a recent exploration of the common bile duct, and have a T-tube still in situ, or (b) present with recurrent biliary symptoms some time after the operation.
We examine patients in the first group initially by oral cholecystography. As a result, we have few patients with cholelithiasis who have had pre-operative intravenous cholangiography, chiefly those with poorly filling gall-bladders or clinical evidence of stones in the duct. Of these, there were 13 who had pre-operative intravenous and operative cholangiograms and from whom stones were removed from the common bile duct. These 13 cases fall into the group analysed by Mr. Le Quesne. All 13 showed an abnormal operative cholangiogram with calculi visible in 10. The intravenous cholangiogram on the other hand was normal in 3 of the 13 cases, doubtful in 4 and abnormal in 6. Calculi were seen definitely in 3 and doubtfully in 4.
The results in this small series indicate that pre-operative intravenous cholangiography is at present inferior to the operative cholangiography in the detection p of stones in the duct. OnI the other hand, there was often a time-interval between the two examinations-between two and seven months in 6 cases * -and the 3 normal intravenous cholangiograms all fell in this group. In the other 7 cases the interval was nine days or less and no intravenous cholangiogram was completely normal in this group. During the longer FIG. 1. A, a pre-oper time-intervals some of cholangiogram in a case the stones found in the common duct common duct at operative cholangiography may have reached there from the gall-bladder (Fig. 1) .
Excretory Oral Cholangiography
The common bile duct may be visualized occasionally on routine oral cholecystography with contrast media such as Telepaque, usually following contraction of a well-filled gall-bladder.
Recently, there has become available a new oral medium, Biloptin (sodium ipodate), which is excreted and sufficiently concentrated by the liver like Biligrafin to outline the common bile duct. As a result, the radiologist is no longer completely dependent on the concentrating power of the gall-bladder for success. If the cystic duct is obstructed, no gall-bladder filling will occur but the common bile duct will be outlined and the reason for the absent gall-bladder shadow will be apparent. In our experience, however, detailed examination of the common duct per se is more reliable with Biligrafin.
Post-operative T-tube Cholangiography
The purpose of this examination is well known. As a result of the routine use of operative cholangiography for cholelithiasis, post-operative cholangiography has become less frequent. To some extent T-tube cholangiography has been transferred from the X-ray department to the operating theatre to the advantage of both the patient and the surgeon. The examination should not, however, be omitted prior to removal of the T-tube. Spasm of the lower end of the common duct, for example, is common in postrative intravenous cholangiogram and B, an operative of cholelithiasis; in the interval stones have entered the exploratory operative cholangiography and may both preclude a detailed examination of this area in the theatre and render the study of flow of the contrast medium impossible. Both of these defects of operative cholangiography can be rectified by post-operative cholangiography. The examination is performed with a similar technique to that used at operation, i.e. using initially a small quantity of contrast medium to study the anatomy and the flow through the narrow ampullary segment. Further films to outline the hepatic tree may show residual calculi in the hepatic ducts. Finally the examination records the calibre of the duct for future reference if no operative cholangiogram is available.
Post-operative Intravenous Cholangiography
In the investigation of recurrent symptoms in patients who have had a previous cholecystectomy, intravenous cholangiography finds its most important application. The main purpose of the examination is to exclude any lesion which may be partially obstructing the common duct. If the obstruction is severe, the examination is unlikely to be successful.
Intravenous cholangiography may give information on the calibre of the common duct, the diagnosis of biliary obstruction, and the nature of the obstructing agent.
The calibre of the common duct.-There is considerable disagreement over the variation in diameter of the normal common bile duct. As a result of 47 post-mortem studies of normal biliary tracts, Benson (1940) suggested an upper limit of 6-5 mm which corresponds to a radiographic image of 8 mm. Sullens and Sexton (1955) duct measured by Le Quesne, Whiteside, and Hand (1959) radiographically at operation on each of 73 patients undergoing cholecystectomy for stones. Each rectangle represents one case and where stones were removed from the duct, the rectangle is hatched. The lower diagram represents the duct diameter of the same cases measured at least twelve months later on intra-venous cholangiograms. 18 cases, or 25 % of the total, had stones in the common bile duct and 14 of these had ducts measuring 11 mm or more in diameter. Only 4 cases had ducts of this size not containing a calculus and in two of these four there was highly suggestive clinical evidence (severe pain and jaundice) that a stone had recently been in the duct. Of the 8 cases with duct diameters of 10 mm, only one contained a stone, while of the 55 cases with duct diameters of 10 mm or less, only 4 contained stone. From these and other considerations, Le Quesne et al. (1959) arrived at the following conclusions: (1) The upper limit of the normal diameter of the common bile duct is 10 mm and no duct should be considered dilated unless it measures 12 mm or more radiographically.
(2) There is no evidence that the common duct becomes dilated after cholecystectomy. (3) There is no evidence that a dilated common duct diminishes significantly in size after removal of L stones from the duct. (4) There is no correlation between the continuance of symptoms after I cholecystectomy and the calibre of the common bile duct. Though stones may be present in ducts of L normal calibre (4 out of 55 cases), no stones were I found in ducts of 5 mm diameter or less. This agrees closely with a series of 76 patients described by Wise et al. (1957) who found no obstruction in ducts measuring 5 mm in diameter or less at operations for post-cholecystectomy symptoms.
The value of calibre in diagnosis.-The discovery of a dilated common duct must be interpreted quite differently in pre-operative and postoperative cases. In the former, a dilated duct nearly always implies existing obstruction to the duct (14 out of 18 cases in this series); in the latter, it is of no significance in itself in the absence of radiographic records of the size of the duct at operation. As a natural corollary, if it can be shown from such records that the duct has increased in size, this is a finding of the greatest importance and signifies some obstruction of the duct. Conversely, if it can be shown that post-cholecystectomy symptoms are not associated with any increase in the calibre of the duct, then the duct is unlikely to be obstructed.
Where no records. of previous calibre exist, the problem is more difficult. While ducts measuring 5 mm or less are unlikely to be obstructed, others may be partially obstructed and dilated and yet fall within the normal range of measurement; on the other hand large ducts may not necessarily be obstructed. Thus, in the problem of differentiating obstructed from unobstructed ducts, an isolated observation on calibre is of limited value. The diagnosis of biliary obstruction. -Wise etal. (1957) describe three cardinal signs in biliary obstruction: (1) The biliary radicles in the liver are distended.
(2) The duct loses its normal tapered shape and becomes tubular with obstructive dilatation.
(3) The density of the contrast medium in the duct does not fall off after one hour, as it normally does, but persists up to two hours after injection. The use of morphia to close the ampulla and so improve visualization of the duct is therefore contraindicated.
The following case illustrates some of these features:
A patient was admitted with acute pancreatitis. Nine months later she had cholecystectomy for gall-stones. No stones were found in the common duct at operation and post-operative cholangiography was normal. The pancreas was indurated. She was well for two years and then began to have recurrent attacks of pain radiating to the back. The films (Fig. 3) showed that the common duct was normal prior to operation. The cholangiogram two years later showed some increase in the diameter of the duct, a loss of normal tapering of the lower end, and persistence of density of contrast medium in the duct at two hours. The duct diameter was still within normal limits but the loss of tapering indicated dilatation.
It would seem that where the obstructing agent is not radiologically or clinically obvious, the retention concept may be valuable and a film two hours after injection should be a routine procedure. Our experience in this field is very limited and we can offer no comment, except to note that in their series of partial obstruction, retention was present in less than 50% of cases.
The nature of the obstructing agent.-The radiological appearances of calculi are well known and require no further elaboration. When small they are often difficult to detect and good radiographic technique is consequently of the greatest importance. Calculi which are freely mobile in the duct add to these difficulties. The secondary signs of partial obstruction described above and particularly the study of changes of calibre of the duct are valuable in such cases where the cause of the obstruction is not visible. This applies also to pancreatitis and fibrosis of the ampulla. Extrinsic pressure from adhesions may occasionally cause partial obstruction. Finally it is worth noting that the presence or absence of visible contrast medium in the duodenum is of no value in determining partial obstruction of the common bile duct (Wise and O'Brien, 1956) .
Professor A. G. R. Lowdon (Newcastle upon Tyne):
After an early phase of great expectations, we have found intravenous and oral cholangiography of limited value. The significance of a dilated duct is not always clear: it may suggest present or previous obstruction by stone, but sometimes dilatation is the result of other diseases-chronic pancreatitis, fibrosis of the sphincter of Oddi or dyskinesia. However, a dilated duct in the preoperative cholangiogram in a patient who has had a previous cholecystectomy and whose present symptoms are apparently of biliary origin may rightly be taken to be an encouragement to re-operation. My radiological colleagues have had some success in demonstrating radiolucent stones in the duct system by using tomography with intravenous cholangiography, and it appears that this technique may be helpful when the object of the investigation is the detection of stones.
Operative cholangiography has been practised now for so many years that it is surprising to find that the surgical profession, at least in this country and in America, still seems undecided or divided about its value. It is not used as a routine except by a small number of surgeons in this country. This may mean that it is not worth doing. On the other hand if we think it is worth doing, we must be prompted to ask why the measure is so unpopular. The answer, doubtless, is that the technique is, or appears to be, time consuming, and that until the drill has been practised to perfection many frustrating mistakes occur. Bad pictures mean repeating the whole process or accepting that time and effort has been wasted. There is also the inevitable movement and disturbance in the theatre when the X-ray machine must be wheeled into position and the cassettes changed, unless the surgeon is fortunate enough to have a permanent built-in X-ray unit.
All these difficulties can be overcome by careful planning and some training of the team. Mr. Le Quesne has described the technique in some detail. We use a long cassette tunnel which lies on the operating table and the cassette is inserted from the head end on an implement like a baker's shovel. This was copied from arrangements I saw in the Middlesex Hospital and I think it is better than lifting the towels at the side of the patient for each cassette change. A better picture is obtained if a grid is employed over the cassette. I have used a small metal cannula for insertion into the duct; this is connected by a long piece of narrow-gauge plastic tubing to the syringe. The plastic tubing has the advantage that it is transparent and air bubbles in the fluid can be seen and thus avoided. To insert a metal cannula into the common bile duct through the cystic duct, the cystic duct often has to be gently dilated, by inserting and separating the points of fine forceps.
Mr. Le Quesne has dealt mainly with the use of operative cholangiography in patients with stones in the common bile duct and I shall refer to this subject only briefly, though I agree that it is the common and the most important indication. I think some of the disrepute of cholangiography in the diagnosis of duct stones stems from the thoughtful paper by Johnston, Waugh and Good (1954, Ann. Surg., 139, 293) in which they claimed that their surgical techniques had proved to be more reliable than cholangiography in detecting common duct stones. "The method", they wrote, "must become more accurate before it can replace surgical exploration of the ducts by experienced surgeons, or become a routine part of choledocholithotomy". This is essentially, I imagine, the case of those who still think that operative cholangiography is not worth while, or, to be frank, not worth the trouble.
In the first place, it must be contended that the method has indeed become more accurate, as has been shown by the contributions to this Discussion. This reliability does seem to justify us in trusting a good negative cholangiogram obtained at the operation and deciding on these grounds not to perform choledochotomy even with a previous history of jaundice or some dilatation of the duct.
In the second place, apart from using cholangiography to avoid unnecessary exploration of the duct it has its important uses as a supplement to, rather than a substitute for, careful surgery. I have found it invaluable as a post-exploratory measure to make sure that all stones have been removed from the duct. Most, if not all, surgeons have come to accept that a post-operative cholangiogram should be made through a T-tube before it is removed. Surely it is only a reasonable extension of thought to conclude that this examination should also be made before the abdomen is closed.
I have on more than one occasion avoided the mistake of leaving stones behind by the help of operative cholangiography. In one patient after residual stones had been shown in this way the duct was re-explored and four more stones removed. Another cholangiogram showed that there were still two stones in the dilated duct. I then performed a transduodenal sphincterotomy and sphincteroplasty, which is I believe much the best way to deal with the problem of inaccessible stones left in the hepatic ducts or indeed any case of recurrent duct stones. The point illustrated by a case like the one I have described is that X-rays at the time of operation can be a factor contributing to the perfection of technique and the improvement of results. Supraduodenal choledochotomy as a means of getting all the stones in a duct system is proved to be a fallible technique and anything that will make it less fallible should be welcomed.
If cholangiography is to be used routinely in the course of operations on the biliary tract, the surgeon must be prepared to meet and interpret other abnormalities in the X-ray picture. Among the less common abnormalities which can be recognized are: low junction of cystic and common duct; dilated duct associated with chronic pancreatitis in which the portion of the duct passing through the pancreas shows an irregular narrowing; obstruction of the duct by carcinoma of the head of the pancreas when the block may be at the level of the upper border of the pancreas; high obstructions of the duct system by tumour arising in the hepatic duct; obstruction at the lower end of the common duct resulting from carcinoma of the ampulla of Vater; reflux of dye into the pancreatic duct which may be normal or sometimes excessive if there is fibrosis or spasm of the ampullary sphincter.
But not all dilated ducts are obstructed. One patient had biliary symptoms for twenty years;
these persisted without relief after cholecystectomy. At re-operation the head of the pancreas was firm and nodular but there was no jaundice. Cholangiogram showed massive dilatation of the ducts but in spite of this the dye flowed quickly and easily into the duodenum. The pressure readings in the common duct were low. The patient was treated by right splanchnicectomy and has been very well for five years since then. At this point of course we have entered the very controversial field of biliary dyskinesia and this is not the subject under discussion, but I have felt obliged to refer to it because I myself believe that dyskinesia is a real entity and that we will not understand all the findings of cholangiography except eventually with the help of manometric studies of the biliary tract. I have relieved several patients with severe post-cholecystectomy biliary pain by performing transduodenal sphincteroplasty, and I have seen others who were apparently suffering from the same kind of dysfunction of the sphincter dramatically relieved by vagal section on the lesser curve of the stomach. I am not prepared to go on record as saying that these neurectomies are the right or the only way to deal with the problem of dyskinesia, but I think it is relevant to our subject to this extent that the more careful study of the ducts by cholangiography must lead us to further study also of their functional behaviour and misbehaviour.
Mr. H. A. Kidd (London):
Percutaneous transhepatic cholangiography consists of putting a needle through the skin and the liver into a bile duct, aspirating the bile and then injecting diodone 45%. Antero-posterior and lateral X-rays are then taken. I have used this method since 1952 in cases of jaundice which are not suitable for investigation by other methods, including Biligrafin (Kidd, 1956a, b) . Experience with this technique has shown that if the bile duct is not entered after three attempts then it is not dilated and the jaundice is not obstructive in origin, so an unnecessary laparotomy may be avoided. When jaundice is present this method is used: (1) To investigate the cause of biliary symptoms after cholecystectomy.
(2) To diagnose the presence and site of a carcinoma affecting the biliary system. (3) To demonstrate the presence, location and number of calculi in the bile ducts. (4) To measure the pressure of bile in the biliary system. (5) To diagnose the presence of obstructive jaundice as ,opposed to non-obstructive jaundice.
Technique.-A point is chosen in the abdominal wall just below the costal margin at the junction of the outer and middle third of a line going from the mid-line to the flank. The skin is infiltrated with procaine and a special needle, 20 mm in length and 1 mm in diameter, is introduced at an angle of 65 degrees to the horizontal and 15 degrees to the vertical. As the needle is passed through the liver frequent aspirations are made with a small syringe and saline is used to clear the needle should it become blocked. Blood is often aspirated from small vessels but when one of the hepatic ducts is entered white bile is withdrawn. The pressure may be measured and samples taken for bacteriological and chemical analysis. In order to get good films great care must be taken to empty the biliary system of bile completely and to refill it with diodone; this will often require 40 c.c or more of the dye. Antero-posterior and lateral films are taken and then repeated after further aspiration and injection of dye.
Difficulties and dangers.-In a series of over 40 cases there has been no mortality from this procedure, nor has there been any trouble from bleeding from the liver or from accidental perforation of the colon or small bowel. The chief danger is accidental puncture of the gall-bladder and if this happens bile will be aspirated after the needle has been inserted for only a short distance.
As much bile as possible should be aspirated and 5 c.c of diodone injected. Films are then taken to show the point of the needle and the condition of the gall-bladder. The needle can then be pushed further in until a bile duct is entered and cholangiograms taken by the previously mentioned technique. As there is a greatly increased biliary pressure in these cases a laparotomy should be performed and the gall-bladder removed as leakage of bile causing biliary peritonitis can occur. The gall-bladder was punctured in 2 cases in this series: in one there was no biliary leak as the gall-bladder had been entered after the needle had penetrated some liver substance; in the other pain occurred in the evening after the examination and a cholecystectomy and removal of biliary calculi was performed followed by an uninterrupted recovery.
An apparatus was demonstrated which is used as a guide to introduce the needle at the predetermined correct angles and can also be used for making corrections should there be difficulty in finding a dilated duct.
